torsos of infant mice sacrificed on the 1st day of paralysis. The torsos consisted of muscle, bone, and certain viscera (the stomach, intestines, and skin were not included). These were comminuted in a cold Waring blendor for i minute with four volumes of cold water or physiological saline. The resulting suspension was lightly centrifuged to remove coarse particles and the supernate therefrom subjected to further centrifugation at 18,000 R.P.~. for 30 minutes in a 6-inch rotor in the cold (International centrifuge PR-1). After removal of the solid fat by means of filter paper, the supernate of this spin constituted the crude antigen.
Preparation of Protamine-Treated Crude Antigens.--Five mg. of dry protamine sulfate was added for each milliliter of crude antigen (12) . Vigorous stirring dissolved the protamine as completely as possible after which the preparation was allowed to stand in the refrigerator for 30 minutes. The resulting precipitate was sedimented in the cold at about 2000 R.P.~. for 10 to 15 minutes. The supernate constituted the protamine-treated crude antigen.
When the titer of the infected tissue is high (IDa0 of 10 -7 or 10 -s) as in the case of the Hi. Pt. or Texas-I strains, suitable antigens can regularly be made as described above. However, when the infected tissue titer is low (IDs0 of 10 -~ or 10-¢), irregular results have been obtained. As will be shown below, this doubtless indicates that antigens in the latter instance, when they are reactive, are of minimal or borderline activity. It is for this reason that we have attempted to prepare concentrated antigens.
Preparation of Concentrated Purified Antigens.--For uniformity in comparing the strains
by the complement fixation technique, all antigens, regardless of the infectivity of the source materials, were prepared identically by the method about to be described. Similar antigen was also made from normal infant mice.
Crude antigen was prepared as described above. It was then centrifuged at 39,460 ~.r.~. (130,000 × G at bottom of tubes) in a Spinco model E ultracentrifuge. The supernate, which on the basis of infectivity titrations, contained no more than 1 per cent of the virus spun, was discarded. The sediment, containing the bulk of the virus present as determined by infectivity titrations, was resuspended in cold veronal-saline in an amount equal to ~0 the original volume. It was thoroughly homogenized with the aid of a 1 ml. syringe provided with a blunt 25 gauge needle. The suspension was centrifuged in the cold at 18,000 R.P.~. To the superhate was added 5 rag. of protamine per ml. as for the protamine-treated crude antigen. It was held in the refrigerator for 30 minutes and spun in the cold at about 2000 R.P.~. for 15 minutes. The supernate then constituted the concentrated purified antigen.
It has recently been felt advisable to prepare concentrates by ultracentrifugation of protamine-treated crude antigen. This eliminates the possibility of having excess protamine in the final preparation. In this case the sediment resulting from the ultracentrifugation is very scant and is best resuspended with the aid of a rubber-tipped glass rod.
Method of Tissue Extraction.--From limited trials it appears that overnight extraction at 4°C. of the 20 per cent muscle suspension in water or saline yields a more concentrated antigen than does immediate extraction, Thus, when immediate extraction was employed with the Ohio antigen, its titer with constant homologous mouse serum was 1 : 16. With overnight extraction it was 1 : 64.
Complement Fixation in Test
Tubes.--For purposes of orientation, a modified Kolmer test was used (9) . The complement was standardized so that 0.1 ml. contained 2 full units. The hemolytic system consisted of equal parts of 2 per cent sheep cells and the appropriate dilution of hemolysin containing 2 units in 0.1 mh Sensitization proceeded at room temperature for 15 minutes. Serial twofold dilutions of serum were made, with only 0.1 ml. of each dilution being placed in a single tube. 0.1 mh of complement containing 2 units was then added followed by 0.1 ml. of antigen. The tubes were incubated at 4°C. for 16 to 18 hours; at the end of that time 0.2 mh of sensitized cells was added and hemolysis was allowed to take place in a water bath at 37°C, for 30 minutes. Readings were then made; no hemolysis was read as ++++, complete hemolysis as 0, and intermediate degrees as +++, ++, +, and -4-. The end-point of a titration was that dilution showing ++, or better, fixation.
For more precise quantitative work, the 50 per cent hemolysis method of Wadsworth (10) was used. In this test three 50 per cent hemolytic units of complement were employed, and hemolysin was standardized so that 0.1 ml. contained the optimally sensitizing dose for 0.1 ml. of a 5 per cent suspension of washed sheep cells. Otherwise the volumes, periods, and temperatures of incubation were the same as for the modified Kolmer test described above. The 5 per cent cell suspension (100 million cells per ml.) was standardized each day by lysing 1 mi. in 14 ml. of distilled water and determining per cent transmission at 350 m# by means of a Coleman junior spectrophotometer against a blank of distilled water.
Plate Complement Fixation Test.--Because this test has not been heretofore described in the American literature, it will be discussed in some detail. The lests were performed in accordance with the description of Fulton and Dumbell (7) on a number of lucite sheets (12 X 12 X ~ inches), the center portions of which are marked off in 100 squares, each measuring 1 inch on a side. The squares contain no depressions. Materials are placed on the squares by means of dropping pipettes calibrated to deliver 20 or 40 c.mm. per drop. The former quantity is used for adding serum, complement, and antigen, and the latter for the addition of the hemolytic system; thus the final total volume is 0.1 ml.
The pipettes are made by drawing out glass tubing to a very small bore. The drawn-out portion is passed through one of the holes of a wire gauge (Morse No. 57 for the 20 c.mm., and No. 43 for the 40 c.mm. size). The pipette is then scored with emery paper close to the gauge on the side distal to the large portion of the pipette and the excess part of the small bore tubing is broken off. The pipette is carefully removed from the gauge. It is important • that the walls of the pipette do not taper toward the end; they should be parallel. "1 ml." of water (50 drops for the 20 c.mm., and 25 drops for the 40 c.mm. size) is accurately weighed on an analytical balance. The range that we allow is 19.7 to 20.3 c.mm. for the smaller pipette and the tolerance is proportional for the larger one. In our tests, serum dilutions were made in tubes using no less than 0.2 nil. amounts. Complement dilutions were made in at least 2 mi. volumes and were kept in ice water, as were the antigens, while the tests were being set up.
The hemolytic system found to be opitmal for reading the tests consisted of 0.4 per cent sheep ceils sensitized for 1 hour at 37°C. by an equal volume of optimally sensitizing and optimally agglutinating dose of hemolysin determined according to the method of Wadsworth (10) . Sensitization carried out in this way serves to enhance the clumping of unhemolyzed cells thereby aiding in reading the results. It is evident that, since the final cell concentration is 0.08 per cent, difficulty in reading would be encountered unless the remaining cells were caused to clump at the center bottom of each drop. This clumping is not observed, however, until the sheets are gently tapped or allowed to cool in the refrigerator at the end of the hemolytic period.
Primary incubation takes place at 4°C. for 16 to 18 hours. To avoid evaporation of water during this time the sheets are placed in a rack which is put in an air-tight box (7) . The box always remains in the refrigerator and contains a layer of cotton soaked with water.
At the end of the primary incubation, the rack is removed and any water of condensation forming around the drops allowed to evaporate before the hemolytic system is added. This requires no more than 15 minutes at room temperature, and if the day is not humid, the sensitized cells may be added without delay. The rack is placed in a 37°C. incubator (or in a box similar to that mentioned above for primary incubation) which is kept at 75 to 80 per cent saturation by means of water pans. At the end of ~,~ hour the rack is removed, water of condensatlon surrounding the drops allowed to evaporate, and the test read.
In using this method as, for example, in setting up a serum titration, complement dilutions are varied in the vertical columns on a sheet, serum dilutions are varied in the horizontal rows, and a constant dilution of antigen added to all squares. Complement is used as that amount of guinea pig serum contained in a 20 c.mm. drop. The only standardization necessary is the determination of an adequate range of complement volumes to cover the reactivities of the reagents and reaction products in question. This need be determined only once for a particular lot of complement. For the tests presented here 0.06 and 0.1 to 0.9 c.mm., in increments of 0.1 c.mm., of complement per 20 c.mm. drop were found suitable in most instances. Occasionally as much as 1.2 c.mm. per drop was employed. The test is read by determining the actual amount of complement fixed by a particular serum dilution, or antigen-antibody reaction. This is judged visually by observing the point at which "S0 per cent" of the cells are left intact. It often happens that this S0 per cent endpoint lies between two amounts of complement actually used. For example, at 0.5 c.mm. of complement hemolysis may be complete, whereas with 0.4 c.mm. no hemolysis has occurred. In this instance the end-point is taken as 0.45 c.mm. of complement fixed.
In all tests the following controls were included:--1. Each serum dilution with varying amounts of complement. 2. Each antigen dilution with varying amounts of complement.
3. Varying amounts of complement alone. 4. Normal antigen reacting with all sera used; it is employed in the same dilution as is the specific virus antigen.
5. Normal serum reacting with normal and virus antigen.
Sensitized cells alone.
To determine the amount of complement fixed specifically in any titration, the amount fixed (50 per cent end-point) by a particular serum or antigen dilution alone (whichever is the larger) is subtracted from the amount fixed by that serum dilution reacting with antigen. 1 This will be illustrated by examples below.
EXPERIMENTAL
Raults with Crude Anl~gens.--Specific fixation with hyperimmune mouse sera was regularly obtained with the "high titer" strains (Texas-l, Hi. Pt.). It was seen early in the work that the time and temperature at which sera were inactivated profoundly influenced the complement fixation titers, at least of Texas-1 antiserum. Table I indicates the specific titers of a single pool of anti-Texas mouse serum inactivated at various temperatures and times and reacting with the same crude Texas-I antigen. The modified Kolmer test was used.
Some sera from monkeys which had been hyperimmunized with infected mouse tissue showed non-specific fixation in the immune as well as in the normal sera. It was not known to what extent human sera would react nonspecifically with these crude antigens, but it was considered necessary to obviate the possibility of such reactions. Warren and his associates (12) have shown that protamine sulfate, added to tissue suspensions containing certain viruses, precipitates some of the tissue protein but leaves the viruses in the supernate. In the case of the C viruses, infectivity titers of treated and untreated tissue suspensions differ by only 0.2 to 0.3 of a log. Following this suggestion, we have treated crude antigens as described above underMaterials and Methods. Antigens from normal mouse tissue were prepared identically. Table II indicates the titers (in a modified Kolmer test) of various monkey sera reacting with normal and Texas-l-infected crude and protamine-treated crude antigens. 
41-98 Rhesus

39-55
Sooty mangabey
41-51 Rhesus
Immune It is evident that protamine removed from the antigens substances which are non-specific for C virus but which fix complement in the presence of normal or heterotypic sera (monkey 41-51) as well as in homotypic sera (monkeys 39-55 and 41-98). Non-specific fixation has been observed in monkey sera other than those presented in the table, and the fixation of normal tissue components by an antiserum is well known when tissue of heterologous species is used for immunizations.
However, there is a pitfall in using protamine- 18,000 R.r.x¢., 45 min.
t I f
Supernate (titer ~= 1) 39,460 mP.~., 60 rain. antigen. This anticomplementary effect was only noted when protamine treatment was the final step in the procedure, and is probably due to an excessive amount of protamine remaining in a particular sample. It is for this reason that we have resorted to the addition of protamine before concentration in the ultracentrifuge as discussed under Methods. None of the results presented have been obtained with anticomplementary materials.
Results with Concentrated Antigens.--It can be shown, by fitrating fractions obtained in the concentration procedure, that the bulk of the antigen is found in the sediment of the ultracentrifugate. This has been done with the Conn.-5, Ohio-l, and Hi.Pt. strains, the first two belonging to the "low titer" types. Fig. 1 indicates typical results obtained with the Ohio-1 or Conn.-5 strain when each fraction is titrated against a constant dilution of homologous mouse serum using the plate complement fixation technique. With these antigens, prozones in the region of antigen excess have never been encountered, so that a titration with constant serum is not illogical in determining the relative Table III.  ~0= <2. reactivities of the antigenic fractions. To further corroborate the fact that the sediment after ultracentrifugation contains the greater portion of the antigenic activity, "box" titrations, i.e. a titration involving varying serum dilutions with varying antigen dilutions, were performed with fractions: crude protaminetreated antigen, supernate of the ultracentrifugation, and sediment of the ultracentrifugation resuspended in 1/20 of the original volume. Typical results for the Ohio type are presented in Table III . The 50 per cent hemolysis method of Wadsworth (10) was used; the titrations were made using homologous mouse serum. When concentrated antigens for the high titer strains are prepared, prozones in the region of antigen excess are encountered. Table IV indicates the serum titers obtained when concentrated Hi.Pt. antigen is tested in a box titration using the 50 per cent hemolysis tube test. Doubtless a closer titration of the antigen between the 1:32 and 1:128 dilutions would have yielded a more distinct optimal dilution.
Stability of Purified Concentrated
Antigens.--The purified concentrated antigens are unstable when stored in the refrigerator; at the end of 1 week all antigenicity has disappeared (Ohio-l, Easton-2). Storage at -20°C. appears to be satisfactory. The longest storage period tested at that temperature has been 9 months, and the antigen was still active at the end of that time with little, if any, loss of activity.
Comparison of Seven Strains of C Virus by the Plate Test.--(a) Standardization of Antigens.--Only concentrated purified antigens were
used in this study, treatment with protamine being the last step in their preparation. These antigens were titrated against a 1:2 dilution of their respective (b) Cross-Reactions.--For determining the relationships among the seven strains, 8 units of each antigen were used against serial twofold dilutions (beginning at 1:2 or 1:4) of all seven hyperimmune sera as well as against normal serum. Normal antigen was used against all sera in the same dilutions as the specific antigens. Since there was no reaction between a 1:16 or 1:32 dilution of normal antigen and any of the sera, a 1:64 dilution of this antigen to correspond to the 8 units of Texas-1 antigen was not included.
After the above scheme had been carried out, the amount of complement fixed by an antigen at each serum dilution was plotted (Fig. 2) . The end-point of a serum titration was, as noted above for the antigen standardization, that dilution of serum at which 0.1 c.mm. of complement was specifically fixed. The validity of this choice was also tested by a modified Kolmer test.
The areas above the line denoting 0.1 c.mm. of complement fixed were determined in arbitrary units by means of a planimeter for all reactions. Table VI, 1 shows the values of these areas in planimeter units, no attempt being made to determine the areas in terms of square centimeters. These areas were then corrected for fixation of normal components (Table VI, 2) . Thus, when the fixation with normal antigen was greater than with virus antigen, the latter was considered non-specific. When the fixation with normal antigen was less than with virus antigen, the area of reaction with the normal has been subtracted from the latter since the amount of complement fixed by normal and virus components was found to be additive. Table VI, 3 was obtained by assigning the value of 100 to the corrected values of the homologous reactions and making the heterologous reactions proportional. For example, Texas-1 antigen versus Texas-1 serum gave an area of 220. Therefore all values in the horizontal row are divided by 220 and multiplied by 100. Since we are comparing antigens, adjustment of values is made only in the direction of the antigens. It should be equally feasible to compare strains by varying the amount of antigen and using a constant dose of serum (based on units as we have based the antigen dosage). In this case the extent of the cross-reactions in terms of serum differences could be determined. Presumably the relative values obtained by such a method would be comparable to those found by the means used here.
When the relative values for the cross-reactions of Table VI, 3 are averaged, the per cent relationship between the various antigens is obtained (Table VI, 4) . Thus for the Texas-Hi.Pt. relations, 122 + 51 _ 87. 2 The 13 per cent relationship between Hi.Pt. and Conn. and the 2 per cent relationship between Hi.Pt. and Ohio are considered to be insignificant. This is substantiated by the results obtained in cross-neutralization tests (8) . The only significant cross-reaction is between Hi.Pt. and Texas-1 and places these two strains in one type. All remaining strains tested here belong to distinct * For Red., Lin., and Ric., the acute serum 1 day after onset; for LMK, 2 days after onset. 0 = titer <2.
was collected 5 days after onset; for Hux., (Ohio-l, Conn.-5, DaUdorf's type 1) and that concentration by ultracentrHugafion was resorted to in order to obtain consistently reactive antigens. Table  VII shows the results of a serum titration with crude and concentrated antigens (strain Easton-2, type 1), the crude being non-reactive. Various concentrations of the ultracentrifuged sediment were made as indicated in Table VII and the resulting antigens tested against a single human convalescent serum. The 50
per cent hemolysis test in tubes was used. It is seen that the optimal titer is obtained with the material concentrated 20 times. Essentially the same results were obtained when a box titration was done (see also Results with Concentrated Antigens). It is, of course, possible that further concentration would yield a still more potent antigen, but such a practice is uneconomical at present.
In the same regard, we have had occasion to determine the temporal occurrence of antibodies to the Ohio type of C virus in a small series of sera collected in Ohio in 1947 by Drs. Alex J. Steigman and Albert B. Sabin and kindly supplied to us by them (13) . C virus of the Ohio type was isolated in this laboratory from Red., Hux., and Lin. Isolation was not attempted in the case of Ric. Patient LMK was a laboratory infection. fixing antibodies reach thdr peak about 3 months after onset but may be manifest 2 to 4 weeks after onset in low titer. It should be emphasized here that the antibody picture in infections with the Ohio type is not necessarily that which will obtain in infections with other types. Limited trials have been made with sera from patients from whom strains of C virus belonging to Dalldod type 1 were isolated. Here complementfixing antibodies appear to be present at onset, or shortly thereafter, whereas neutralizing antibodies are not. Table IX indicates the serum titers obtained in the 50 per cent hemolysis tube test using concentrated (20X) antigen. One of these sera (May., 1 month after onset) was the one used to obtain the results presented in Table VII . DISCUSSION The preparation of complement-fixing antigens as presented in this report is in no way meant to be a final method. There is much yet to be learned about concentration procedures (when they are necessary), stability on storage, inactivation with retention of antigenicity, etc. It is possible, too, that virus grown in mouse or hamster embryo tissue cultures or embryonated eggs may yield superior antigens in large volumes. For the preseut, however, the antigens herein described have given consistent and good results and may be considered a basis for further investigations.
Certainly the complement fixation technique of Fulton and Dumbell has been a great technical aid in typing strains of C virus. It would seem that one of its disadvantages is the determination of the 50 per cent end-point since this is done somewhat subjectively. However, in practice this point is found to be distinct, and the possible variation in reading is considered to be no more than ±0.05 c.mm. of complement (when increments of 0.1 c.mm. of complement are used) as repeated tests with the same materials on the same testing day yield results within these limits. This is no greater error than that encountered in reading a tube test.
One of the great advantages of using the plate method is that the various reactivities of different serum or antigen dilutions with complement alone are taken into account in setting up the test controls. This cannot be done when a single dose of complement is used. One is also able to eliminate the standardization of complement on each testing day; it is only necessary to know the range of activity in 20 c.mm. of a particular lot of complement.
In the section on Results with Concentrated Antigens, it will be noted that when high titer types, such as Hi.Pt., were concentrated, prozones were encountered in the region of antigen excess. It might, therefore, be argued that the standardization of antigens as performed for the cross-reactions by means of the plate complement fixation test is invalid since a constant amount of mouse serum was used and therefore the optimal dose of antigen was not determined. Experience with various concentrated preparations has shown, however, that the optimal antigen dose for these strains is at, or very close to, the 8 units of antigen used for the cross-reactions.
The seven strains which were used for the cross-reactions fall into six immunologically distinct types. This fact raises obvious problems with respect to the serological diagnosis of human illnesses due to members of the Coxsackie group: it will be necessary to differentiate such illnesses with respect to infections caused by viruses other than the Coxsackie group, and, should the latter group be incriminated, it will be necessary to determine to which of the seven or more types thus far discovered the infecting strain of virus belongs. It has been shown that for two of the strains, Ohio-1 and Easton-2, the temporal patterns of complement fixation antibodies are different. The late appearance of the antibodies in Ohio type infections may make a diagnosis by complement fixation test difficult because of the necessity of obtaining late (3rd month) serum samples. And in the case of'the type 1 infections, it may prove difficult to make a diagnosis because of the high titers present at onset, should this finding be corroborated by further investigations.
SUMMARY
The preparation of complement-fixing antigens for the Coxsackie group of viruses (C virus) is described. This includes the manufacture of crude antigens, their subsequent treatment with protamine sulfate to remove non-specific interfering substances, and their concentration by ultracentrifugation.
The plate complement fixation technique of Fulton and DumbeU is described in detail as it has been used for the Coxsackie viruses.
Seven strains of C virus have been cross-tested in the plate complement fixation test and have been found to belong to six immunologicaIly distinct types.
The temporal pattern of complement-fixing antibodies in human beings infected with two types, Ohio-I and Easton-2, respectively, has been studied. In the former the antibodies rise to a peak rather late in convalescence (3rd month) and in the latter, complement-fixing antibodies are already present at high levels in the acute phase serum. The problems of serodiagnosis are briefly discussed.
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